Dispersed metal particles exhibit excellent catalytic activity that closely relates to their minimized diameters. The micro and nano particles trend to have excellent quality in chemical and electrochemical reactions. For this purpose, metal particles have been successfully dispersed and decorated on some substrates such as carbon and conductive polymers to make catalyst. [1] [2] [3] It is essential to find ways to further reduce diameters of these metal particles to promote their catalytic activity. The diameters of nano particles vary with the medium and the substrates on which they are made. As one typical nano material, carbon nanotubes (CNT) whose diameters vary from 0.33 to less than 100 nanometers were made up with hexagonal lattices of carbon. Because of their characteristic electron conductivity valves, pore structures and absorption abilities they are fit for metal substrates. Various metals and alloys were deposited on them. [4] [5] [6] [7] [8] [9] Electrodes modified with CNT and used to analyze biomolecules have received much interest. [10] [11] [12] [13] [14] [15] [16] [17] [18] However, no preparation of electrodes modified by nano metal particlesdecorated carbon nanotubes has been reported. In our research, a glassy carbon electrode modified with platinum nano particles decorated on carbon nanotubes (Pt-CNT/GCE) was developed. Carbon nanotubes decorated with platinum nano particles (Pt-CNT) were obtained by chemical method, 19 and then were immobilized on the surfaces of GCE electrodes. Electrochemical determinations using metals particle-modified electrodes have been focused on. [20] [21] [22] [23] [24] [25] [26] [27] On the other hand, it is also important to prepare an amperometric sensor for the measurement of hydrogen peroxide and cysteine. 28 In the paper, electrocatalytic oxidation for hydrogen peroxide and cysteine at Pt-CNT/GCE was investigated. Due to the nano-sized platinum particles deposited on CNT, the currents at Pt-CNT/GCE were almost 3-times higher and the electrode reaction rates were obviously faster, compared with bare platinum electrode results. So, the Pt-CNT/GCE has high electro-catalytic activity, which is suitable for preparing enzyme electrodes with better sensitivity, repeatability and stability.
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Experimental

Equipment and reagents
Electrochemical experiments were carried out using a CHI660B electrochemical workstation (CHI Instruments Inc., US). A glassy carbon electrode (φ = 2 mm) modified with Pt-CNT was used as the working electrode. A platinum wire and KCl saturated Ag/AgCl electrodes were employed as the counter electrode and a reference electrode, respectively. For comparison of the electro-catalytic activities, a bare Pt electrode (φ = 2 mm) was also used as a working electrode.
Carbon nanotubes (inner φ = 4 -8 nm, outer φ = 10 -30 nm) were supplied by the Dept. of Materials, Zhejiang University; they were synthesized by Chemical Vapor Deposit method. 0.1 mol/L phosphate buffer solution (pH 7.0) was prepared by freshly distilled water. 10 mg/mL H2PtCl6 was made in 6 mol/L HCl solutions. Hydrogen peroxide (1 mol/L), 0.05 mol/L H2SO4 and Na2S2O3 (15 mg/mL,) were used in the experiments. 0.01 mol/L cysteine was kept in a refrigerator at 4˚C. Double distilled water was used in all runs. All biochemical reagents were purchased from Sigma; others were from Guangzhou Chemical Reagent Factory.
Preparation of Pt-CNT
The solution which was made up with 5 mL water, 2 mL hydrogen peroxide, 1 mL ethanol and 0.05 g purified CNT, had been stirred for a while, then it was sonicated for 5 min. 0.1 mL H2PtCl6 (10 mg/mL) was mixed with 2 mL propyl alcohol, then the mixture was dropped into CNT solution. This was stirred for 4 h to make H2PtCl6 permeate into the lattice of CNT. 1.5 mL Na2S2O3 (15 mg/mL) was added into the solution slowly, and NaOH was used to adjust the mixture to pH 7 in order to keep the reducibility of Na2S2O3. The solution has been stirred for 24 h at 25˚C to complete the reaction between H2PtCl6 and the reductant. The black powder was filtered and dried at 100˚C, then it was heated to 500˚C at argon atmosphere and A glassy carbon electrode modified with platinum nanoparticle-decorated carbon nanotubes (Pt-CNT/GCE) was prepared. The electrochemical behaviors for the catalysis oxidations of hydrogen peroxide and cysteine were studied. The Pt-CNT/GCE showed catalytic activity for electro-oxidation of hydrogen peroxide at 0.6 V in PBS (pH = 7.0) and for that of cysteine at 0.55 V in sulfuric acid medium (pH ≤ 2). The results indicated that the peak currents were proportional to the concentrations of both hydrogen peroxide and cysteine; the currents at Pt-CNT/GCE were almost 3-times higher than that at Pt electrode. The electrocatalytic oxidation mechanisms for hydrogen peroxide and cysteine at Pt-CNT/GCE surface were briefly studied. kept for 2 h, before it was cooled down.
Preparation of a Pt-CNT/GCE and CNT-GCE electrode
Glassy carbon electrode (GCE, φ = 2.5 mm) and platinum disk (φ = 1.5 mm) were polished with 1-µm alumina on a polishing cloth. Subsequently the electrodes were rinsed to remove alumina with a sharp stream of water from a wash bottle impinging on the surface of the electrode; then the electrodes were treated with ultrasonic waves for 5 min in (1+1) HNO3 and ethanol, respectively. A 0.02-g volume Pt-CNT was dissolved in 2 mL, DMF and stirred by sonication. A 50-µL volume of the mixed solution was added on GCE electrode. After drying, 20 µL of 0.5% Nafion solution was dropped on the electrode surface. The Pt-CNT/GCE electrode was made correspondingly.
Procedures
Two milliliters of PBS (pH 7.0) and some hydrogen peroxide solution were added and mixed in a 10 mL colorimetric tube. Linear sweep voltammetry was employed in the potential range of 0.2 -1.2 V at a scan rate of 0.05 V/s, and anodic curves were recorded. The Pt-CNT/GCE was kept in distilled water after each use.
Cysteine was tested in 0.05 mol/L H2SO4 by linear sweep voltammetry scan from -0.2 to 1.0 V at the same scan rate.
Results and Discussion
Descriptions of carbon nanotubes decorated with nano platinum particles
The TEM image appears in Fig. 1 . From this figure we can see that the dark silhouettes of platinum particles were deposited on the light-colored rods of carbon nanotubes. The diameters of particles that were dispersed evenly range from 4 to 8 nm. Energy dispersive X-rays (EDX) (Fig. 2 ) demonstrated that the main elements were carbon and platinum in the sample. Platinum was decorated onto the carbon nanotubes, and then carbon and platinum accounted for 71.83% and 12.21% from Fig. 2 . It was obvious that nano platinum particles could be deposited on carbon nanotubes by the method mentioned above.
Electrochemical behaviors of hydrogen peroxide and cysteine at Pt-CNT/GCE electrode
In our experiments, Pt-CNT/GCE in blank solution (PBS buffer) would remarkably increase the current since CNT has a high specific surface area and catalytic surface. Pt-CNT/GCE in PBS has a remarkable oxidation current of hydrogen peroxide with a potential around 0.6 V. Two peaks of cysteine oxidation appeared at 0.5 -0.8 V and 0.9 -1.2 V on Pt-CNT/GCE. The first peak, i.e. the peak at 0.55 V on Pt-CNT/GCE and at 0.7 V on platinum electrode would be studied. Figures 3-A and 3 -B show that currents in hydrogen peroxide or cysteine with GCE and Pt-CNT/GCE increased. It was found that the oxidation waveform with bare platinum electrode was similar to one with Pt-CNT/GCE electrode. It shows that platinum particles as the catalyses can accelerate the catalytic reaction because oxidation currents at Pt-CNT/GCE are higher than that of platinum; so hydrogen peroxide or cysteine was electrochemically oxidized at the surface of Pt-CNT/GCE. The currents at Pt-CNT/GCE were almost 3-times higher than that at Pt electrode. Therefore, oxidations of hydrogen peroxide and cysteine were affected not only by areas of platinum but also by the catalytic character of nano platinum particles. In our experiments, no reducing peak appeared when the voltage was swept from 1.2 -0.2 V. That means the oxidations of hydrogen peroxide and cysteine are irreversible.
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ANALYTICAL SCIENCES APRIL 2005, VOL. 21 Figure 4 gives linear sweep curves at different concentrations of hydrogen peroxide and cysteine. Currents increased with the concentration increase. The oxidation currents were apparently caused by the oxidation of hydrogen peroxide and cysteine. It is convenient to determine the concentration of hydrogen peroxide and cysteine by amperometric method using the operational potential at 0.6 V for peroxide and 0.55 V for cysteine respectively.
Effect of pH
Effects of pH on peak current and peak potential are shown in Fig. 5 when Pt-CNT/GCE was used for catalytic oxidization of hydrogen peroxide. Peak currents increased slowly as pH valve varies from 3 to 10. Since hydrogen peroxide is unstable in acidic solution, it is easy to transform hydrogen peroxide and O2. Then, considering the use of Pt-CNT/GCE for enzyme biosensor, e.g. glucose oxidase, pH = 7.0 is acceptable.
Effects of several buffer solutions, such as 0.1 mol/L NH3-NH4Cl, borax, HAc-NaAc, Tris, Briton-Robinson, phosphate buffer solution, HCl and H2SO4 for the electro oxidation of cysteine were tested. The results showed that the maximum oxidation current and well-defined shape of peak was gained in H2SO4. The effect of pH on the currents was measured in different H2SO4 concentration solutions. Oxidation peaks of cysteine were found with satisfactory peak heights and peak forms in solutions under pH ≤ 2. This may be explained if cysteine was not stable in strong acid solutions. 30 So, 0.05 mol/L H2SO4 solution (pH = 1.5) was chosen.
Curve (a) in Fig. 5 demonstrated that H + participate in the electro-oxidation reaction. The slope of -93.6 mV/pH derived from Fig. 5(a) is close to the formula: Ep/pH = K -2.303RTm/αnF. Figure 6 exhibits the calibration curves of hydrogen peroxide and cysteine for voltammetric determination. Peak current is proportional to concentrations of hydrogen peroxide when the concentration is less than 0.04 mol/L in Fig. 7 . After it reached 0.08 mol/L, the current almost remained constant. It may be caused by slow electron transportation, which is the main factor for the reaction, and currents are not proportional to the concentration. Figure 7 shows calibration plots of cysteine at Pt-CNT/GCE and platinum electrode. The linear equations were i (mA/cm 2 ) = 0.03063 + 0.26202 × C for Pt-CNT/GCE and i (mA/cm 2 ) = 0.00813 + 0.09295 × C for platinum electrode. Obviously, current density on Pt-CNT/GCE was 3 times higher than on platinum electrode. Figure 8 demonstated the relationship between peak current of hydrogen peroxide on Pt-CNT/GCE and scan rate in the range of 10 -100 mV/s using the linear sweep voltammetric method. It was found that peak current directly increased with the square root of scan rate increase. In the same time periods, Pt-CNT/GCE and platinum electrode were used for linear potential sweeping in 0.03 mol/L cysteine in H2SO4 at different scan rates. Figure 9 demonstrates that the peak currents were linear to the square root of the scan rate on Pt-CNT/GCE and platinum electrode. We conclude that electro-oxidation processes of cysteine and hydrogen peroxide on Pt-CNT/GCE and platinum electrode were controlled by the diffusion step.
Calibration curves
Effect of scan rate
Dynamic study on hydrogen peroxide electro-oxidation at Pt-CNT/GCE electrode
Before the electrode reaction, diffusion process of hydrogen 379 ANALYTICAL SCIENCES APRIL 2005, VOL. 21 peroxide is necessary. It first goes through CNT substrate, then it diffuses to the surface of platinum and reacts with it. Similar to bare platinum electrode, the oxidation of hydrogen peroxide at Pt-CNT/GCE surface was controlled by diffusion. This can be judged by the electrocatalytic mechanism of hydrogen peroxide on platinum electrode, according to the reference that oxidation of hydrogen peroxide at Pt-CNT/GCE should be:
Pt(OH)2·H2O2 → Pt + 2H2O + O2
Pt + 2H2O → Pt(OH)2 + 2H + + 2e -
Here, reaction (1) is the process that hydrogen peroxide diffuses to the electrode surface, and steps (2), and (3) are the chemical reactions before the electrode reactions. Suppose that the reaction will reach equilibrium very quickly and that sufficient oxidation potential was provided, then reaction (4) is faster than Eq. (3).
The oxidation diffusion current on electrode at irreversible condition is: 31
where C represents concentration of hydrogen peroxide, E 0 can be substituted by E1/2 (half wave potential), and A is area of electrode (cm 2 ). Based on the formula, ks So, the electrode reaction rate coefficient of Pt-CNT/GCE is remarkably bigger than that of platinum. However, platinum particles on Pt-CNT/GCE were nano sized and the amount of particles is only a little (from Fig. 1 ). It is certain that platinum surface area in Pt-CNT/GCE is much less than the area of platinum electrode. Therefore, the apparent electrode reaction rate reaction ks 2 /ks 1 is much bigger than 2.65.
Dynamic study on cysteine electro-oxidation at Pt-CNT/GCE electrode
Following the same consideration, we see that cysteine electro-oxidation at Pt-CNT/GCE is a simple electron transfer process that is irreversible. The equations for this type can be described as follows according to Bard. 31 Therefore, the mechanism of cysteine oxidation on Pt-CNT/GCE should be 2RSH → RSSR +2H + + 2e -
Stability of Pt-CNT/GCE
The electro-oxidation of hydrogen peroxide on platinum electrode was affected by the conditions of the electrode surface. In order to obtain the repeatable measurements, the solution needed to be stirred. Bubbles at the electrode surface can be removed to refresh the surface of Pt-CNT/GCE after each use. If we compare the peak current of first use, a relative deviation of 1.12% was gained 2 months later. It demonstrated that Pt-CNT/GCE could be repeatedly used within 2 months.
Sample analysis
Hydrogen peroxide disinfector from Lin'an Jingxin Chemical Co. and cysteine product from Shanghai Kanda Amino Acid Co. were analyzed by the proposed method. Potassium permanganate titration method acted as a reference method to determine hydrogen peroxide in disinfector. Standard addition method was employed for the recovery test of cysteine. The results are shown in Tables 2 and 3. A sensor modified with carbon nanotube/platinum nano particles on glassy carbon surface for amperometric determination of hydrogen peroxide or cysteine has been fabricated. Compared with a bare platinum electrode, the sensor has higher sensitivity, repeatability and stability. The electrode reaction rate is obviously faster than that of a bare platinum electrode. The result demonstrated that the Pt-CNT/GCE with high electro-catalytic activity is a suitable basic electrode for preparing enzyme electrodes. ANALYTICAL SCIENCES APRIL 2005, VOL. 21 
